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METHOD FOR TRANSMITTIT^GJSIGN ALIN.G AND CONTROL INFORMATION 
FOR WA\^LENGTH-DIVISION MULTIPLEX NETWORKS FOR USE IN 



OP TICAL, FIBER-BOUND INFORMATION TRANSFE R 

The invention relates fb a method for transmitting signaling and control information for wavelength- 
division multiplex (WDM) networks for use in optical, fiber-bound information transfer in digitized 
form, accordi ng L u the pi ediiibh^ o£xlaina-»4 . 



Various methods are known from the field of transmission technology for transmitting a plurality of 
independent signals in order to transfer data, speech, text or images over a common medium. This 
can be achieved in that the useful information underlying the signals differs with regard to its timing 
slot, frequency or coding. Frequently, it is necessary for so-called signaling and control information 
(overhead information) to be transmitted in addition to the useful information. Such overhead 
information can be used to control the participating network elements, to identify the transmitted 
signals or to determine the transmission quality. Using conventional digital transmission methods, 
such as PDH and SDH time-division multiplex methods, overhead information can be easily 
transmitted in addition to the useful information by employing time slots reserved for this purpose. 
Methods of this kind can be implemented at very low cost using electronic digital technology. 

In optical transmission technology, it is known for a plurality of signals to be transmitted via a 
common medium, the optical fiber, in that, prior to optical modulation, a plurality of signals are 
multiplexed using conventional transmission technology means . The disadvantage of this method is 
that the individual signals or the overhead information that is contained cannot be accessed using 
optical methods. Only after it has been converted back into an electrical signal can the overhead 
information be read and the individual partial signals be routed independently of each other. 

Much more universal is the use, tested in initial reference systems, of an optical frequency- or 
wavelength-division multiplex method, in which the useful information is modulated with the aid of 
lasers having different transmission frequencies. Consequently, it is possible using simple, passive 




optical filters to select the signals transmitted via an optical fiber in accordance with their frequency. 
With the aid of such a wavelength-division multiplex (WDM) network, it is possible for the 
individual signals to be transmitted transparently with regard to their coding. Therefore, many signals 
differently encoded in different terminal equipment facilities (TE) can be transferred simultaneously 
via a transmission link, as long as they differ with respect to the wavelength used. 

Not yet implemented satisfactorily for WDM networks is the overhead channel for the transmission 
of signaling and control information. When optically transmitting WDM signals, it is not possible 
according to the present state of the art for the overhead information, for example using PCM or 
SDH techniques, to be transmitted together with the useful information. The reason this fails is that - 
in contrast to the fixed frame structure of such electronic transmission systems - any encoding 
methods at all are permitted in the WDM network for the useful signal. Another aspect, however, is 
the absence of powerful digital components for optical signal processing. Consequently, 
consideration is presently being given to switching a separate overhead channel with its own carrier 
frequency through the WDM network. What is problematic about this approach is that the 
overhead information is transmitted independently of the useful information. This means that it is just 
as difficult to detect frequency-selective faults as it is to detect the incorrect routing of a useful 
signal. Furthermore, passive optical coupling elements pose the potential problem of superposition 
of two overhead signals. The technical outlay required to solve this problem bears no relationship to 
the low cost of such elements. 



The^invention relates to networks used for the optical, fiber-bound transfer of digitized information. 
Characteristic of a wavelength-division multiplex (WDM) network is the fact that useful information 
can be transmitted in the form of signals, independently of each other, via one fiber, by making use 
of different optical wavelengths. In this context, purely optical methods based on the different 
wavelengths of the signals can be used to route the useful information in network elements in 
different ways. 




In the technical implementation of a transmission network, it is necessary that not only the useful 
information be transmitted via the medium, but the signaling and control information, referred to as 
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"overhead", as well. For this, one knows of several possible approaches for use in an optical WDM 
network. These are elucidated briefly in the following: 

From Chawki, MJ f Tholey, VLe Gac I: Management protocol of a reconfigurable WD Wring 
5 network using SDH overhead bytes; OFC 96 Technical Digest FD3, it is known to reserve 
: ; additional transmission capacity for the signaling and control information when encoding the useful 
information. The optical WDM network is able to access this reserved bandwidth in that the useful 
signal is decoded and the signaling and control information is added or read out. However, this 
method requires a substantial technical outlay. Each accessing of the overhead information requires 
10 a conversion between the optical and electrical encoding of the complete useful signal. If the optical 
O WDM network is used by different kinds of terminals (TE) having different encoding variants, then a 
:p corresponding number of different techniques for accessing the overhead information must be 
jy implemented in parallel. 

15" The Draft Recommendation ITU-T G.MCS Geneva June, 1996 proposes that the signaling and 

13 control information be transmitted in a separate control channel, via the same or a different medium. 

i=* S. Johansson: Transport Network Involving a Reconfigurable WDM Layer, Journal of 

i=j Lightwave Technology 14 (1996) 6, pp. J. : 1341-1349 proposes that the signaling and control 

information be transmitted using so-called pilot tones, in an unused frequency range of the fiber. 
20 However, there are some desirable functionalities that cannot be implemented with either of these 
methods. For example, the transmission quality for the basic channel cannot be inferred from the 
transmission quality of the overhead information. In addition, not all configuration errors, such as 
mixing-up of channels, are able to be detected through the separate transfer of the control and 



signaling information. # , 
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The object of the present invention, therefore, is to provide a method for transmitting signaling and 
control information which, without requiring structural changes to the optical network, enables 
signaling and control information to be transmitted with little outlay and transparently, such that it can 
be encoded using any encoding methods and can be individually evaluated by the respective 
30 network terminators and network elements, it also being possible for conclusions to be drawn with 
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regard to the transmission quality of the basic channel. To this end, the intention is to reduce the 
technical complexity of passive optical network elements with respect to the routing of the signaling 
and control information. 

5 The object of the present invention is achieved by a method for transmitting signaling and control 

information for wavelength-division multiplex (WDM) networks for optical, fiber-bound information 
transfer in digitized form, useful information being optically encoded or decoded using a terminal 
and, in the form of an optical signal of defined fundamental wavelength, being fed into or removed 
from the optical network at a network terminator, a plurality of signals of different wavelengths 
10 being transmitted collectively in an optical fiber, the signaling and control information being 
13 generated or analyzed in the network terminator or in a further network element and being fed into 
: p or removed from the network, in that, using a time-division multiplex method, the signaling and 
j y control information is transmitted with the same fundamental wavelength via the same network 
]7? components as the corresponding useful information signal, the signaling and control information 
13^ being able to be modulated independently of the useful information. 

iU The method according to the present invention, therefore, is distinguished by the fact that control 
^ and signaling information is transmitted in the same optical WDM channel as the useful signal. 
*** Consequently, in contrast to transmitting the overhead information in a separate channel, e.g. with a 
20 different wavelength, it is possible for configuration errors on the optical network to be detected, 
because the control signal takes the same optical path via the same network components as the 

useful signal. An essential element of this multiplex method is also the fact that different 

ft 

modulation/encoding methods can be used for the useful signal and the overhead information. 



25 Instead of the useful signal, the overhead information is transmitted via the medium at predetermined 
instants in time. A characteristic signal sequence enables the overhead channel to be detected with 
respect to time in the signal stream of the useful signal. By periodically repeating the overhead 
channel, misinterpretations of useful signals can be excluded - following synchronization - as a 
$\£> ?t characteristic signal sequence. The ctam reci mctho^ is^thus adapted to the requirements of an optical 

30 channel with regard to transparency for useful signals of different terminals of the WDM network. 
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The principal advantage attainable with the present invention is that the overhead information in an 
optical WDM network need not be routed separately in terms of frequency from the useful signal. 
No additional technical outlay whatsoever is required for routing the overhead information for active 
or passive elements which do not need to access the information contained in the overhead. Due to 
the fact that, for the control- and signaling-information channel, the same technical transmission 
properties of the medium apply as they do for the useful signal, direct inferences can be made about 
the transmission quality of the channel for the useful signal based on the bit error rate in the 
overhead information. Nevertheless, with these methods, there are no essential restrictions with 
regard to the type of encoding of the useful signal which is performed by the terminal (TE) for the 
WDM network. 

The fact that the control and signaling information can be encoded using a different technical method 
than the useful information means that the control and signaling information can be accessed using 
simple technical means. Therefore, the control and signaling information does not need to be 
encoded and decoded with the same high degree of technical complexity as might be required for 
the useful information due to functional requirements. 

The signaling and control information is preferably transmitted at regular time intervals T for a 
duration of T s . In this context, it is advantageous that T be a multiple of the characteristic clock 
pulse duration of the useful information. This means that the transmitting clock pulse of the useful 
signal is used to synchronize the time-division multiplex method for the overhead channel, in that the 
clock pulse information from the useful signal is used within the WDM network to synchronize the 
overhead channel. For this purpose, the time-division multiplex method is dynamically adapted to 
the respective transmitting clock pulse of the useful signal. Synchronization to the useful signal can 
take place in a learning phase in which a characteristic signal is transmitted at very short intervals. 
Following synchronization, the time interval of the characteristic signal is gradually increased in one 
or more steps. 



To minimize the impact on the basic channel as a result of its brief use for transmitting the overhead 
information, a longest possible time interval should be selected between the individual time slots for 
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the overhead information. To maintain the synchronism between transmitter and receiver, the clock 
pulse deviation during the transmission pauses of the overhead channel must be kept as small as 
possible. The technical implementation is significantly simplified if the clock pulse information of the 
useful signal is used to synchronize the oscillators located at the transmitters and receivers of the 
overhead information. This is possible because, in the case of the optical carrier modulations used 
today, the transmitting clock pulse of the useful signal is within a frequency range to be clearly 
defined. Therefore, the overhead signal can be adapted to the timing of the useful signal with minimal 
expenditure for circuit engineering. 

The method according to the present invention also offers two alternatives for preventing 
interference in the transmission of useful data, in spite of the useful signal being suppressed for a time 
in order to transmit the overhead information. 

At the appropriate instants, the overhead information is transmitted, instead of the useful signal, the 
useful signal either being overwritten or suppressed. The transmitting terminal equipment, which 
encodes the useful signal, has no knowledge of the instants when its own signal is not transmitted. 
From the standpoint of the receiving terminal equipment, this has the effect of superposition of an 
interference signal. By using an error-tolerant line code optimized for this ostensible interference, the 
receiving terminal equipment is able to reconstruct the original useful signal, in spite of the 
interference through the overhead channel. 

By applying error correction methods, as used, for example, to transmit data over long-distance 
optical-fiber submarine cables, one can also correct the errors produced by the time slot of the 
overhead channel. To ensure the performance reliability of this method, the overhead information 
must be so distributed with respect to time that a specified mean interference rate of the basic 
channel is not exceeded. In addition, an error correction algorithm should be used, which is 
optimized for this type of block interference produced by the overhead signal. 

Alternatively, bandwidth can be reserved for the overhead channel by specifying time gaps in the 
transmitted signal. Instead of the useful signal, the overhead information is transmitted. In a dynamic 





method, the transmitting terminal and the downstream network terminator agree on the instant when 
the overhead information may be transmitted. To effect this, the terminal leaves the required time 
slots free and signals their timing to the network terminator. Another possibility is that the network 
terminator notifies the terminal when the overhead signal is inserted, so that the data to be 
5 transmitted can be briefly buffered during the time the optical channel is used to transmit the 
overhead information. 

This embodiment of the method according to the present invention prevents interference of the 
useful signal by briefly buffering the useful information in the transmitter during the transmission 
10 pause resulting from transmission of the overhead signal. For this, shift registers can be used, such 
1 3 as those used in switching technology to synchronize input signals in the case of a digital switching 

s p unit. 

t ji 

?~ The technical implementation is further simplified when the overhead information is transmitted by 

>i the terminals, instead of by the network terminators. In this context, it is not the network terminator 

□ that inserts the overhead information into the useful signal of the terminal equipment, but the terminal 

iLl itself which assumes this task. To this end, the overhead information is communicated from the 

,5 network terminator located at the transmitter to the transmitting terminal, for the purpose of optical 

modulation. The receiving terminal selects the overhead information from the useful signal, and 

20 transmits it to the upstream network terminator. 

This version of the method according to the present invention advantageously eliminates the need for 
yet a further laser to modulate and transmit the overhead information in the network terminator, in 
addition to the already existing lasers in the terminal. Accordingly, an additional detector at the 
25 opposite network terminator is not needed to decode the overhead information. This can be done 
by the downstream terminal. In addition, - if there is no need for the overhead information to be 
directly accessed in the optical WDM network - the choice of encoding of the overhead information 
can be left to the terminal. 
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AMief description of the drawing follows, in which: 
Fig. 1 snbws the essential functional elements of an optical WDM network; 
Fig. 2 depicts the principal chronological sequence for signal transmission in accordance with the 
method of the preseht4nvention; 

Fig. 3 illustrates an exampte.of the timing of the transmitted and received useful signal, as well as of 
the encoding in the WDM netwo* 
Fig. 4 shows a further example of the ^hmng of the useful signal prior to encoding, as well as of the 
useful and overhead signal during transmissl&n over the WDM network. 



lEig^l shows the basic functional elements of an optical wavelength-division multiplex (WDM) 
network 1 . Terminal 2 transmits and receives useful information at a defined wavelength via an 
optical fiber 9, only the information direction in which terminal 2 acts as transmitter being described 
in the following. The useful signal, which may, for example, be in the form of an electrical signal, is 
optically encoded in terminal 2. In network terminator 3, the optical signal is monitored and, if 
necessary, adapted to the requirements of the WDM network. Optical multiplexer 4 enables a 
plurality of signals to be transmitted via the same fiber on the basis of their different wavelengths. 
Optical cross connect (OXC) 5 permits the flexible spatial routing of the signals in accordance with 
their optical wavelengths. Optical multiplexer 6, downstream from the OXC, distributes the signals, 
encoded with different wavelengths, to various outgoing optical fibers. Receiver-end network 
terminator 7 performs a function analogous to that of the transmitter-end network terminator 3 and 
transfers the signals to receiver-end terminal 8. This terminal 8 decodes the optical signal and 
converts it into an electrical signal, which can be further processed. 

When the method according to the present invention is applied, network terminator 3 transmits 
signaling and control information (overhead information) via the same optical channel, i.e., at the 
same wavelength as upstream terminal 2, in order to control and monitor the useful signal 
transmission initiated by terminal 2. The overhead information to be transmitted is either supplied 
externally, for example as an electrical signal, to network terminator 3, or is directly generated, 
locally, on the basis of the internal state of the equipment. Network terminator 3, in the same way as 
terminal 2, has a laser for encoding the overhead information into an optical signal. The modulation 



8 




method used is not subject to any restrictions and, in particular, is independent of the method used 
for encoding the useful signal in terminal 2. Therefore, one can select a technically less complex 
encoding method than that used to transmit the useful signal A time-division multiplex method is 
used for transmitting the overhead information via the same optical channel as the useful information. 
5 Either transmitting terminal 2 leaves time slots free in the useful signal and notifies network 

terminator 3 where the slots are, enabling it to insert the overhead information into the time gaps, or, 
alternatively, network terminator 3 can overwrite the useful information with overhead information. 

At the receiving end, the overhead information is decoded and evaluated at network terminator 7. 
10 In the data stream of the useful signal, network terminator 7 detects signal sequences typical of the 
13 overhead information, thereby synchronizing the transmitting and receiving-end network terminators 
s E 3 and 7. Once synchronization has taken place, receiving-end network terminator 7 evaluates the 
!JJ optical signal, containing the overhead and useful information, at regular time intervals. This enables 

it to detect the overhead information as such, and further process it. For example, after being 

i JJi 

IS reconverted into electrical signals, the control signals are converted, and the transmission quality is 
p checked. The entire optical signal, made up of overhead and useful information, is transferred by 
network terminator 7 to the receiver-end terminal equipment, which reconverts and evaluates the 
; 2 useful information. The interference in the useful signal caused by the transmission of the overhead 
!□ information is preferably eliminated by suitable error correction algorithms or is minimized by the use 
20 of a line code adapted to this type interference in order to modulate the useful information. 

Figure^ shows the basic time sequence for signal transmission in the method according to the 
£^ v^invention. At regular time intervals T, the transmission of the useful signal is interrupted for the 
duration T OH + 2 5, and the control and signaling information is transmitted for a time duration of 
25 T OH . In this context, the variable 5 identifies the time interval between suppression of the useful 

signal and transmission of the overhead information. To enhance the efficiency of the method, one 
must select the smallest possible values for 5 and T OH and the largest possible value for T, to 
minimize interference of the useful signal. 
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The useful-signal and overhead-signal codings are independent of each other. Accordingly, the 
network terminator encoding the overhead information does not need to have any knowledge of the 
modulation method of the upstream terminal equipment and can employ any method, preferably one 
which is technically simple, to optically encode the overhead signal. Merely the corresponding 
network terminators and terminals must each use the same encoding method. 

Figure 3 illustrates an example of the time characteristic of the transmitted and received useful 
signals (top and bottom time rays, respectively), as well as of the coding in the WDM network 
(middle time ray). The useful information, symbolically represented by the letters "A" to "F", is 
transmitted, with redundancy over time, via the medium, e.g. an optical network as shown in Figure 
1 . In this context, the top time ray schematically shows the useful signal transmitted by the terminal 
equipment before it is fed into the optical network at the network terminator. Instead of transmitting 
the useful information at regular time intervals, the method according to the present invention 
provides for overhead information to be transmitted for a certain time interval at the same 
wavelength as the useful signal, the overhead information being inserted into the signal stream at the 
network terminator. For this, the useful information, present in any desired coding, is suppressed, 
and the overhead information, encoded independently thereof, is inserted. The useful and overhead 
information is transmitted collectively via the same optical channel with the WDM network. The 
bottom time ray shows the useful signal present at the terminal at the receiving end. Although the 
useful information has not been received in full due to insertion of the overhead information, the gaps 
in transmission, identified by '*?", are not so great as to render the reconstruction of the original 
message impossible. 

In this schematic representation, the useful signal is transmitted at a defined clock frequency in 

information blocks of duration T 0 , identified here by the segments "A, B, C Transmitting the 

overhead information results each time in an entire signal block being disturbed and not being able 
to be received by the terminal. Therefore, it may be advantageous if the transmission of the 
overhead information is coordinated in time with the transmission of the useful information, in 
particular if the transmission of the overhead information always begins just after an entire block of 
useful information has been transmitted. To reconstruct the useful information, use is made of error 
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correction algorithms which have been optimized for such block disturbances. 



Figure 4 illustrates a further example of the time characteristic of the useful signal prior to the coding, 
as well as of the useful and overhead signals during transmission via the WDM network. The useful 
signal is shown prior to the coding, e.g. at the input of the transmitting receiver equipment, in the top 
time ray. It is supplied to the transmitting terminal equipment at a constant bit rate per unit of time. 
Accordingly, it must also arrive at the receiving-end terminal at this time-averaged bit rate if no 
useful information is to be lost. Therefore, one version of the method according to the present 
invention provides that the useful signal, which must be transmitted at a constant bit rate over time, is 
briefly buffered during the transmission of the overhead information, e.g. in shift registers, in order 
then to be transmitted in the intervening time at a correspondingly higher bit rate. For this, the 
transmitting terminal and the corresponding network terminator agree on the time when the 
overhead signal is to be transmitted in place of the useful signal. The transmitting terminal buffers the 
useful signal for the duration of the transmission and, after the overhead information ends, initiates 
the renewed transmission of the useful information at an elevated bit rate in relation to the stream of 
information arriving at the transmitting terminal. 



kiduet iial applicability and use fiilngss^' 

ThenrvSition is advantageously applied in the field of telecommunications. Using the known 
network components, the method permits signaling and control information to be transmitted in 
transparent fashion via the same optical channel as the useful information, thereby facilitating, in 
particular, the monitoring of the transmission quality. 
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